Data on chronic disease risk behaviors and related variables, including barriers to and attitudes toward physical activity, are lacking for women of some racial/ethnic groups. A test-retest study was conducted from July 1996 through June 1997 among US women (n = 199) aged 40 years or more who were white, black, American Indian/Alaska Native, or Hispanic. The sample was selected and interviews were conducted using a modified version of the methods of the Behavioral Risk Factor Surveillance System. For behavioral risk factors such as physical inactivity, smoking, and low fruit and vegetable consumption, group prevalences were generally similar between interviews 1 and 2. However, kappa values for selected physical activity variables ranged from 0.26 to 0.51 and tended to be lower for black women. Discordance was low for variables on cigarette smoking and exposure to environmental tobacco smoke (K = 0.64-0.92). Discordance was high (K = 0.33) for low consumption of fruits and vegetables. Additional variables for barriers to and access to exercise ranged widely across racial/ethnic groups and in terms of measures of agreement. These methods illustrate an efficient way to sample and assess the reliability of data collected from women of racial/ethnic minority groups. Am J Epidemiol 1999;149:379-91.
black (non-Hispanic) women, 39 percent for Hispanic women, and 28 percent for white (non-Hispanic) women (4).
National health objectives for the years 2000 and 2010 address several modifiable risk factors and set specific goals for selected racial/ethnic groups (5, 6) . Efforts to determine which public health interventions are most effective in changing behavioral risk factors for chronic diseases have intensified. Attention has been given to the physical and social environment and to policies that can encourage healthy behaviors (7) (8) (9) (10) (11) .
Behavioral risk factors are commonly assessed by means of public health surveillance systems and pointin-time surveys. One of the largest and most commonly used surveillance systems is the Behavioral Risk Factor Surveillance System (BRFSS). The overall accuracy of the BRFSS and similar surveys has been documented in several previous studies (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Most of these studies assessed the reliability of information on smoking (12) (13) (14) (15) (16) (17) (18) ; four measured the reliability of reported leisure time physical activity (15) (16) (17) (18) , and two examined dietary variables (18, 19) . None of these studies reported findings for American Indians/Alaska Natives. Until recently, these systems focused almost entirely on behaviors rather than on knowledge or attitudes (18) . In addition, these systems have seldom been adapted for use in populations at high risk for chronic diseases, such as specific racial or ethnic groups or persons of low socioeconomic status.
As part of a national study of risk factors among women aged 40 years or older (the US Women's Determinants Study), we recently conducted a testretest study. The goals of the study were threefold: 1) to evaluate the reliability of responses to questions on behavioral risk factors in a representative sample of minority women; 2) to measure the reliability of questions concerning environmental factors and policy attitudes; and 3) to highlight pertinent methodological and intervention issues.
MATERIALS AND METHODS

Sampling plan
Data were collected through telephone surveys, using a modified version of the BRFSS sampling plan (figure 1). A cluster sample was drawn by zip code from a CD-ROM containing 1990 US Census data. The average population per zip code was 7,025 (range, 1-112,047). Zip codes provide smaller sampling units than counties and are more easily matched to telephone prefixes than are census tracts. To obtain a nationally representative yet cost-efficient sample of minority women aged 40 years or more, we selected zip codes only if they represented an area where ^20 percent of the population was black, American Indian/Alaska Native, or Hispanic. The process outlined in figure 1 was used. From this sampling frame, a standard multistage cluster technique for randomly selecting telephone numbers was followed, as in the BRFSS (22) (23) (24) .
Because zip codes and telephone prefixes do not match perfectly, the first survey question verified that only women who lived within the chosen zip codes, were aged 40 years or older, and were black, American Indian/Alaska Native, or Hispanic were surveyed. A comparison group of white women aged l>40 years was also surveyed using standard BRFSS random digit dialing techniques.
Questionnaire
The survey instrument used a combination of questions from the BRFSS, the National Health Interview Survey, and other surveys (23) (24) (25) (26) (27) (28) (29) (30) (31) (32) . Several questions were specifically developed for the telephone survey method and population. When valid and reliable scales were available, every effort was made to use these with the scale intact. For a few questions, adaptations were made from in-person administration to telephone administration. The final questionnaire contained 92 questions (some of which were not asked because of skip patterns) and had an average administration time of 29 minutes. The major topic areas were 1) screening factors and sociodemographic characteristics, 2) physical activity behavior, 3) barriers and social support related to physical activity, 4) sources of health information, 5) attitudes toward physical activity policies, 6) tobacco use and exposure to environmental tobacco smoke, 7) dietary and weight control practices, 8) preventive health practices, 9) general health and functional status, and 10) general social support or isolation.
Initial data collection
Since physical activity behaviors and dietary practices may show seasonal variation (33) , the data were collected over a 1-year period (i.e., during the first 2 weeks of every month from July 1996 through June 1997). Experienced interviewers who had received at least 8 hours of training specific to this project conducted the interviews. Calls were made on all days of the week, from 5:00 p.m. to 9:00 p.m. on weekdays and from 10:00 a.m. to 6:00 p.m. on Saturdays and Sundays. Four attempts were made to reach someone at each telephone number selected. After the fourth unsuccessful attempt, the telephone number was deleted from the sample. If a household was reached in which an eligible woman resided but was not at home, three more attempts were made to reach her.
The survey was pilot-tested (n = 47 completed interviews) using the same sampling plan as was used for the full survey. The initial sampling plan included Asian/Pacific Island women, but during the pilot test and the first full month of the survey, these women were eliminated because the proportion of nonrespondents in this group was prohibitively high (i.e., more than twice as many calls had to be made before completing an interview among Asian/Pacific Island women than among women of other racial/ethnic groups).
The response rate (87.3 percent) was calculated according to the method of the Council of American Survey Research Organizations (34) and was based on the ratio of completed interviews to the sum of completed interviews, refused interviews, and a standard fraction of telephone numbers that were working but were either unanswered or busy after multiple attempts.
Reliability interviews
Of the women interviewed, 280 were randomly selected for retest calls. These calls were attempted 7-90 days after the initial survey. Reliability interviews were completed with 210 of the women (75 percent). One woman was excluded because of age, four because of race/ethnicity (i.e., Asian/Pacific Islander women who were subsequently dropped from the sample), and six because of timing of the reinterview (outside of the 7-to 90-day window). Thus, the reliability sample contained 199 women. The reliability interviews followed the same methods as the original interviews. The reliability sample compared closely with the full survey population in terms of the distribution of sociodemographic characteristics (table 1).
Analysis
Variables were first grouped by general category (e.g., risk factor behavior, perception of a physical activity barrier, attitude toward a policy) and type (e.g., dichotomous, nominal, ordinal, or continuous). For continuous variables, scatterplots were used to deter- . We calculated Pearson's correlation coefficients (r_) for continuous variables (e.g., age) and Spearman's rank correlation coefficients (r) for polytomous ordinal variables (e.g., educational level) (37^W)). Definitions were established for physical activity behavior and other risk factors (see Appendix table) . Standard definitions were used when consistency was found in the literature (e.g., no leisure time physical activity) (4, 16, 41) or when public health recommendations exist (e.g., regular physical activity) (5, 42, 43) . Usual definitions for other physical activity variables (e.g., household physical activity) do not exist; therefore, definitions were developed. Similar to the methods used by Stein et al. (16) , the prevalence of discordance for a question was calculated as the number of respondents who provided discordant responses divided by the total number of respondents who were asked the question at both administrations of the survey. Ninety-five percent confidence intervals, including a continuity correction, were calculated according to the method described by Fleiss (38) , and discordance across racial/ethnic groups was tested using the chi-squared test. In tables 2-5, x 2 values for racial/ethnic heterogeneity are shown when the corresponding significance was <, 0.10. In addition, conditional logistic regression was used to determine the independent contributions of various sociodemographic characteristics to discordance (44, 45) . In logistic regression analyses, discordance for each risk factor (e.g., lack of agreement on leisure time physical activity in the past week) was the dependent variable. The independent variables were sociodemographic factors on which information was collected during the initial interview. An additional dichotomous term was entered into the logistic regression models to account for the interval between the two interviews (7-28 days vs. 29-90 days), since the time between interviews may reflect either inaccurate recall or an actual change in risk factor status. In the logistic regression analyses, terms entered the model atp < 0.10.
RESULTS
Coefficients of reliability were consistently high for sociodemographic variables (i.e., race/ethnicity, age, educational level, and income); K, r, or r values ranged from 0.86 for income to 0.92 for age and educational level.
Although prevalences by racial/ethnic group were generally similar between interviews 1 and 2, kappa coefficients for the total sample of women ranged from 0.26 to 0.51 for physical activity indexes (table 2 and figure 2). For three of five physical activity variables, kappa values tended to be lower among black women than among women of other racial/ethnic groups. Variables for cigarette smoking and exposure to environmental tobacco smoke generally had high kappa values and low discordance. Agreement on consumption of less than five servings of fruits or vegetables per day was lower (K = 0.33). For self-reported overweight, agreement was high; kappa values were > 0.83 for each racial/ethnic group. Results of logistic regression analysis are not shown in table 2 but are summarized below. Among physical activity variables, only being black predicted discordance for leisure time physical activity after adjustment for other covariates (p = 0.04). The interval between the interviews predicted discordance for current smoking (p = 0.02). Discordance for attempts to quit smoking was predicted by being American Indian/Alaska Native (p = 0.02) or by having an income of $10,000-<$20,000, after adjustment for other factors. Discordance for overweight was also significantly higher for women aged 50-59 years (p = 0.04).
Kappa values for variables representing stages of change in attitudes toward exercise varied widelyfrom 0.0 to 0.83 (table 3) . However, for the action stage, the small number of respondents made comparisons unreliable. For two of four stages, discordance values were higher among American Indians/Alaska Natives than among other racial/ethnic groups. Chisquared heterogeneity was found for the precontemplation and contemplation stages. Similarly, in logistic regression analyses, race/ethnicity was a significant predictor of discordance for precontemplators and contemplators.
Among variables for access to exercise and barriers to exercise, a fairly wide range in kappa values and discordance was found across racial/ethnic groups (table 4) . Among 10 barriers, kappa coefficients were lowest for black women for five variables, lowest for Hispanic women for three variables, and lowest for American Indian/Alaska Native women for two variables. Similarly, discordance estimates ranged widely, from 11.7 percent for white women (for the variable on whether other persons discouraged exercise) to 57. for the total group of women ranged from 0.44 for the perception of high crime levels to 0.84 for the presence of sidewalks. A lower level of agreement for variables on neighborhood characteristics was not consistent for any racial/ethnic group. Four questions measured perceived access to places to exercise; kappa coefficients ranged from 0.44 to 0.75. Because of the large number of variables and combinations of variables in table 4, patterns in the logistic regression results are summarized below. Among the 10 barriers assessed, racial/ethnic group was predictive of discordance for three variables, age for one variable, education for five variables, and income for one variable. Among the eight neighborhood characteristics assessed, discordance was predicted by race/ethnicity for one variable, by income for four variables, and by interview interval for one variable. For the four access variables, discordance was predicted by age for one variable and by income for two variables.
Estimates of the reliability of attitudes toward policies that may affect physical activity had a fairly wide range (table 5) . For the total sample and within racial/ethnic categories, group prevalences for policy attitudes were generally similar between interviews. However, the small numbers of women in some cells made comparisons between racial/ethnic groups difficult and logistic regression models unstable.
DISCUSSION
In this study, we assessed the reliability of answers to a variety of chronic disease risk factor questions in a representative sample of US minority women. The prevalences of the risk factors and attitudes measured in interviews 1 and 2 were consistently similar, suggesting nondifferential misclassification. The reliability of most measures of physical activity and smoking behavior was moderate to substantial, but the reliability of dietary variables was lower.
Reliability data on chronic disease risk factors can be compared with those from three previous studies with largely similar methods that conducted telephone In another study, 210 participants in the BRFSS in Massachusetts were reinterviewed 21-44 days after the initial interview (15) . Kappa values for having a sedentary lifestyle (no leisure time physical activity in the past month) agreed moderately and were fairly uniform for whites (K = 0.59), blacks (K = 0.50), and Hispanics (K = 0.63). Values for current smoking were higher, ranging from 0.79 for blacks to 0.90 for whites.
In another study of the Massachusetts BRFSS, 488 participants were reinterviewed after 21-94 days (16) . Discordance for having an inactive lifestyle (i.e., not performing leisure time physical activity at least three times per week for at least 20 minutes per occasion during the past month) was large between whites (19.9 percent), blacks (29.4 percent), and Hispanics (14.3 percent). Discordance between racial/ethnic groups was much smaller for current cigarette smoking (<4.2 percent for each racial/ethnic group).
Several previous studies have assessed the reliability of various measures of physical activity (46) (47) (48) (49) (50) (51) . Most of these studies have involved community-wide or population-based samples (46-^49), and all but two (46, 51) have focused solely on leisure time/recreational physical activity. These studies were conducted in person; most measured either 7-day or 14-day levels of physical activity and had a very broad range of reliability coefficients (0.08-0.94). Although none of these studies are directly comparable to ours because of differing methods, they illustrate the difficulty of accurately assessing physical activity.
A weakness of our study is that we evaluated reliability only, without validity testing. In four studies that attempted to measure validity (12, 13, 17, 20) , agreement between BRFSS-collected data and physiologic/ in-person interview data were inconsistent. Validity was higher for smoking status and lower for hypertension and hypercholesterolemia, but no data were available on the validity of physical activity variables. reliance on data collected by telephone, a method which tends to undersample some minority and low income persons who do not have telephones (52, 53) .
Because we based our sample on zip codes containing >20 percent of a racial/ethnic group of interest, our survey overrepresented concentrations of some minority groups (e.g., it had a higher likelihood of representing American Indians living on reservations). Based on comparisons with US Census data, our targeted sampling method appears to have enabled us to obtain a reasonably representative distribution of minority and low income women at a reasonable cost (an estimated data collection cost of $34 per completed survey). According to 1990 Census information for the zip codes we sampled, phone coverage was reasonably high for the racial/ethnic groups sampled. The percentages of households with telephones within the zip codes sampled were 92.6 percent for whites, 92.1 percent for blacks, 86.1 percent for American Indians/ Alaska Natives, and 88.8 percent for Hispanics. These data are consistent with earlier reports of lower phone coverage among American Indians (54) . Another limitation of our data is that behavioral changes may have occurred between interviews. However, a dichotomous term for the time interval between interviews did not appear to affect findings from the logistic regression models. Until recently, surveillance for chronic diseases has focused primarily on diseases themselves, behavioral risk factors, and changes in preventive health practices (55, 56) . Our study suggests that generally accurate measurement of a number of barriers and attitudes may also be possible for chronic disease risk factors, at least for some racial/ethnic groups. For example, reasonably reliable data can be collected for attitudes toward physical activity policies. These data have a variety of uses within community-based intervention studies. Information on attitudes can help researchers predict which types of policy interventions are likely to have the highest support among various segments of the population. We recently used this strategy for an intervention project in southeastern Missouri (29) . "Key informant" data can be collected among civic officials, primary care providers, business leaders, and church leaders (57) . Population-based survey data can then be combined with key informant data to determine the intervention settings and groups of policy-makers that are the most likely to support policy changes.
Several additional issues should be considered in developing interventions and in measuring progress.
First, there should be better assessment of moderate physical activity. More research is needed on how to efficiently obtain data on moderate physical activity using telephone interviewing. We found substantial differences in reliability across racial/ethnic groups and consistently lower reliability measures among black women. It is difficult to determine the reasons for these variations in reliability without further research that combines quantitative and qualitative methods. Several factors may contribute to these reliability differences, including 1) educational differences between racial/ethnic groups, 2) true changes in physical activity behavior between the initial interview and follow-up interviews that may vary by racial/ethnic group, and 3) a higher familiarity with answering surveys among persons in the majority culture.
Second, more research is needed on how best to use data on barriers to and attitudes toward physical activity when designing and implementing interventions. For example, if a barrier is more prevalent in a particular racial/ethnic group, public health interventions must be sought to remove the barrier.
Third, as noted above, we originally intended to include Asian/Pacific Island women in our study. Because of language difficulties and perhaps cultural barriers, our approach was inefficient for reaching these women.
In summary, our study illustrates an efficient method of sampling and reliability testing in a populationbased sample of women from racial/ethnic minority groups.
